Vitamin D is an essential fat-soluble vitamin and has multiple functions. Vitamin D insufficiency has been suggested to influence bone health as well as increase the risk of a number of non-skeletal conditions such as autoimmune diseases, cancers, diabetes, CVD, infectious diseases, skin disorders and schizophrenia (1) . The discovery of the function of vitamin D in growth and development has led to growing concern about the functional impacts of maternal vitamin D on their offspring. Although evidence is inconsistent, considerable research has shown that low maternal levels of 25-hydroxyvitamin D (25(OH)D) are associated with adverse outcomes for the fetus. Maternal vitamin D deficiency has been linked with a number of fetal and neonatal health problems such as impaired bone development, multiple sclerosis, cancer, insulin-dependent diabetes mellitus, impaired function of the immune system, asthma and atopy (2, 3) . The long-term effects of maternal vitamin D deficiency on offspring remain unknown. A prospective longitudinal study reported that no associations were observed between maternal 25(OH)D concentrations and a child's intelligence, psychological health or cardiovascular system and that concentrations of 25(OH)D in pregnancy above 75 nmol/l may result in an increased risk of atopic disorders (4) . Vitamin D supplementation during pregnancy has been suggested as an intervention to protect against the adverse outcomes of vitamin D insufficiency. Some interventional trials have shown that vitamin D supplementation can be effective at raising circulating 25(OH)D levels in women and their neonates (5, 6) . However, there is not enough evidence to evaluate the effects of vitamin D supplementation on improving neonatal outcomes.
The effect of maternal vitamin D deficiency on birth size is inconclusive. Some studies have demonstrated shorter knee-heel length, lower birth weight or poorer intra-uterine long bone growth (7) (8) (9) (10) in infants born to mothers with low 25(OH)D concentrations. Some studies suggest that vitamin D supplementation in pregnant women may lead to an increase in birth weight (11) or head circumference (12) . In contrast, other studies of vitamin D supplementation during pregnancy do not demonstrate a difference in birth weight (13, 14) . During the past several decades, there has been growing interest in the prevalence of vitamin D insufficiency during pregnancy. The prevalence of vitamin D deficiency in pregnant women has been reported in many countries such as India (15) , Greece (16) , Iran (17) and the UK (4) . To date, little is known about the vitamin D status of pregnant Chinese women. Therefore the aim of the present study was to investigate the vitamin D status in pregnant women and their newborns living in the Beijing urban area (39?98N; northern China). The correlations between newborn size and maternal or neonatal vitamin D status were also evaluated.
Materials and methods

Participants
Participating in this study were seventy healthy nulliparous pregnant women with singleton pregnancies who delivered healthy babies at full term between April and May 2010 at 306 Hospital of PLA in Beijing. All women were from surrounding communities (Beijing urban area, latitude 39?98N) without daily additional Ca and vitamin D intake. Women with a history of any disease including renal, bone and gastrointestinal disorders and medications influencing Ca or vitamin D metabolism were excluded. The study design and protocol were approved by the hospital ethics committee.
Biochemical measurements
Blood samples were collected from all women prior to labour and cord blood was drawn from the newborn's side of the severed cord after birth. Twelve samples of cord blood were excluded due to technical reasons. Thus, a total of seventy blood samples from the mothers and fifty-eight cord blood samples were included in the analyses. The blood samples were centrifuged and the serum stored at 2808C until use. (18) . In our study, participants with a serum 25(OH)D concentration less than 25 nmol/l (10 ng/ml) were considered to have severe vitamin D deficiency; between 25 and 50 nmol/l as mild vitamin D deficiency; above 75 nmol/l as normal; and 25(OH)D level between 50 and 75 nmol/l as insufficiency. Serum parathyroid hormone (PTH) levels were measured using a commercially available ELISA kit (BIOMERICA, Inc., Newport Beach, CA, USA). Serum alkaline phosphatase (ALP), Ca and inorganic P were examined on an automatic analyser (model 7600; Hitachi High-Technologies Corporation, Tokyo, Japan) with commercial standard kits (Biosino Bio-Technology and Science Inc., Beijing, China).
Newborns' anthropometric measurements Anthropometry of the newborns, including weight, length and head circumference, was measured at birth.
Statistical analysis
Statistical analysis was carried out using the SPSS statistical software package version 16?0 (SPSS Inc.). Data were expressed as means with their standard errors or as numbers and percentages of participants. Comparisons were conducted using Student's two-tailed t test, with statistical significance set for P , 0?05. The Pearson correlation statistic was used to investigate correlations between variables.
Results
General characteristics
In total, seventy pregnant women in the Beijing urban area participated in the study. The mean age of the women was 29?9 (SE 0?3; range 22-37) years and their mean weight was 73?9 (SE 1?1) kg before delivery. In all women gravidity ranged from zero to three. Blood biochemical parameters in pregnant women and newborns and their relationships The mean serum concentrations of PTH, Ca, inorganic P and ALP for mothers were 46?37 (SE 3?35) pg/ml, 2?28 (SE 0?01) mmol/l, 1?45 (SE 0?08) mmol/l and 137?36 (SE 4?92) mg/l, respectively, and for newborns were 4?92 (SE 0?58) pg/ml, 2?53 (SE 0?05) mmol/l, 1?60 (SE 0?03) mmol/l and 126?09 (SE 5?44) mg/l, respectively. Maternal PTH levels were much higher than PTH in cord blood (P 5 0?000). Serum Ca levels in mothers were lower than those in cord blood (P 5 0?000). The normal upper limit for ALP was considered 110 mg/l. The mean ALP levels in both maternal and cord blood were slightly higher than normal values and the ALP levels in 64?3 % of mothers and 65?5 % of newborns were elevated.
Serum PTH levels were inversely related to the concentrations of 25(OH)D (r 5 20?266, P 5 0?026), Ca (r 5 20?381, P 5 0?001) and inorganic P (r 5 20?313, P 5 0?008) in mothers. There were no significant correlations between maternal 25(OH)D and Ca, inorganic P or ALP. A significant correlation was observed between PTH and ALP levels in cord blood (r 5 0?296, P 5 0?024). No correlations were seen between 25(OH)D and PTH, ALP, Ca or inorganic P in newborns. There were no significant correlations between maternal Ca, inorganic P or PTH concentrations and these biochemical factors in cord blood.
Relationships between maternal/neonatal biochemical parameters and newborns' anthropometric measurements A significant correlation was seen between maternal 25(OH)D levels and the length of newborns (r 5 0?247, P 5 0?039). The mean length and birth weight were lower in newborns of mothers with severe vitamin D deficiency than in newborns of mothers with mild vitamin D deficiency (Table 2) . No correlations were observed between maternal PTH, ALP, Ca or inorganic P and newborns' anthropometric measurements.
There (Table 3 ). There was a significant negative correlation between PTH levels in cord blood and birth weight (r 5 20?305, P 5 0?020). No relationships were observed between ALP, Ca or inorganic P and any anthropometric measurements. (19) . The cut-off point used to define deficiency in that study was 25(OH)D , 37?5 nmol/l, and the mean concentration of 25(OH)D was 48?5 nmol/l in mothers and 41 nmol/l in cord blood (19) . Although the mean 25(OH)D concentrations we report in the present study from Beijing are lower than those in the aforementioned study in Chengdu, pregnant women from both northern and southern China are at high risk of vitamin D deficiency.
Public Health Nutrition
One study conducted at a similar latitude (408N; Pittsburgh, northern USA) (20) showed that serum mean concentrations of 25(OH)D were 80?4 nmol/l for white women and 49?4 nmol/l for black women. Mean 25(OH)D concentration in newborns was 67?4 nmol/l for white newborns and 37?0 nmol/l for black newborns. In that study, 29?2 % of black women and 45?6 % of black newborns, and 5?0 % of white women and 9?7 % of white newborns had vitamin D deficiency (cut-off point ,37?5 nmol/l) (20) . Other studies have demonstrated that vitamin D deficiency is common in pregnant women in different countries. The prevalence of vitamin D deficiency reported in pregnant women was 31 % in southern India (21) , 32 % in northern India (15) , 19?5 % in Greece (16) and 5?7 % in Iran (17) . One study observed vitamin D deficiency in pregnant women of several ethnic backgrounds who reside in The Hague in the Netherlands (528N). Of all participants in that study, 8 % of Western women and most non-Western women (59-84 %) had vitamin D deficiency (22) . Direct comparisons between studies are not possible due to the use of different methods and inconsistent definitions of vitamin D deficiency. It seems, however, that pregnant women are at a high risk of vitamin D deficiency. Pregnant women may need additional vitamin D intake to retain normal levels.
It is generally agreed that serum 25(OH)D levels depend on sunshine exposure, latitude, clothing habit, skin pigmentation and the use of sunscreen as well as diet. Although the reasons for the high rate of vitamin D deficiency in pregnant women in Beijing were not investigated in the present study, there are several possible explanations. Beijing lies at a latitude of 39?98N and the weather is windy and dusty in the spring. These conditions limit the time that women spend outdoors and decrease UVB exposure. In addition, there is a cultural reason for young Chinese women having less sun exposure, as they prefer fair skin to tanned skin. Therefore they avoid direct sun exposure and regularly use sunscreen. Another reason could be that the Chinese diet is low in vitamin D. There is no regular vitamin D supplementation in China even though maternal vitamin D requirements increase during pregnancy. Further studies are needed to investigate the reasons for the high prevalence of vitamin D deficiency.
The present study showed that cord blood 25(OH)D levels correlated strongly with maternal 25(OH)D concentrations. This is consistent with previous reports (23) . Our findings demonstrate that among mothers with vitamin D deficiency, their newborns are more likely to have vitamin D deficiency. This suggests that vitamin D sources in newborn infants are mainly from transplacental stores. It has been reported that maternal vitamin D status plays a key role in determining the amount of vitamin D transported across the placenta during fetal life and thereafter the size of vitamin D reserves at birth (24) . Adequate 25(OH)D levels are important for women who become pregnant.
Lower maternal 25(OH)D levels have been considered to be related to many conditions of the fetus and child such as osteomalacia or rickets, poor dental health, diabetes, autoimmune diseases and cancers (2, 3) . However, the effects of vitamin D deficiency on birth size are inconsistent. Our results add to the evidence that 25(OH)D concentrations during pregnancy are correlated with neonatal measurements, as reported by other studies (7) (8) (9) (10) . The Amsterdam ABCD (Amsterdam Born Children and their Development) cohort including 3730 pregnant women demonstrated that women with vitamin D deficiency (25(OH)D , 29?9 nmol/l) had infants with lower birth weights and a higher risk of being small-for-gestational-age compared with women (9) . Randomized controlled trials suggested that supplementation of vitamin D in pregnant women could lead to an increase in birth weight (11) . A recent study showed birth weight, length and head circumference were greater in groups supplemented with vitamin D during pregnancy than control groups (25) . In contrast, other studies reported no such correlation (4, 21) or even a negative association (26) between birth size and 25(OH)D level. These conflicting findings may be related to the varied populations studied or methods used. Variants in the vitamin D receptor gene may influence the associations between maternal 25(OH)D concentrations and birth size measurements. Studies have shown that infant (27) or maternal (28) vitamin D receptor polymorphisms modify the effect of maternal 25(OH)D on offspring size. Moreover, different maternal 25(OH)D levels may contribute to the inconsistent results. It could be that the influence of maternal vitamin D on offspring size may be more obvious at lower 25(OH)D levels rather than at relatively higher levels. Further studies will be needed to investigate the influence of vitamin D on newborn size.
In the present study, birth length significantly correlated with maternal 25(OH)D level. This could be due to the influence of vitamin D on bone development and growth in the fetus. A previous study demonstrated a significant association between maternal vitamin D deficiency and reduced intra-uterine long bone growth (10) . It was also reported that impaired fetal bone ossification correlated with maternal vitamin D deficiency (26) . Reduced maternal 25(OH)D concentration during late pregnancy was associated with decreased knee-heel length, mid-upper arm and calf circumferences at birth (10) . Mahon et al. (29) found that the decrease of maternal 25(OH)D levels correlated with an increase in the cross-sectional area of the fetal femoral metaphysis at both 19 and 34 weeks' gestation. In addition, the present study showed a smaller head circumference and birth length in newborns with vitamin D deficiency. All of these findings suggest that maternal vitamin D status influences fetal bone development.
Even though the high prevalence of vitamin D deficiency during pregnancy has been recognized for some years, the current study indicates that the problem has still not been solved. Vitamin D supplementation in pregnant women has been recommended in some countries. All (100 %) of the pregnant women and newborns had 25(OH)D , 75 nmol/l in our study. On the basis of these findings, it seems logical that pregnant women should routinely be supplemented with vitamin D in China. We recommend the screening of pregnant women in China for vitamin D deficiency. An adequate vitamin D supplementation for Chinese pregnant women is also highly recommended.
Serum PTH was lower and Ca was higher in newborns than their mothers, which is consistent with other studies (16, 26) . This could be explained by the active transport of Ca across the placenta by a calcium pump in the placenta and elevated fetal Ca levels suppressing PTH release in the fetus.
In our study we found a significant negative correlation between maternal 25(OH)D or Ca and PTH concentrations, in agreement with a previous report (23) . PTH is the most important regulator of the body's Ca and P levels. Release of PTH is controlled by the levels of Ca in the blood. Low blood Ca levels cause an increase in PTH release, while high blood Ca levels inhibit PTH release. Vitamin D suppresses PTH release and long-term vitamin D deficiency can result in an increase in PTH levels. Therefore, elevated maternal PTH levels further indicated vitamin D deficiency in these pregnant women.
In present study, the mean serum concentrations of ALP were above the normal value in both mothers and cord blood and more than 60 % of pregnant women and neonates had elevated ALP levels. These results are consistent with other reports (30) . These data indicate that the previous reference for upper limits of ALP in pregnant women or neonates may be inappropriate.
Conclusion
We found that vitamin D deficiency or insufficiency is very common in pregnant women and their newborns in provision of consultation (J.Z., W.Z.). All authors have read and approved the final manuscript. Acknowledgements: The authors wish to thank Yaya Qin, Xiaoqing Tan and the staff in the Department of Obstetrics in 306 Hospital of PLA for their assistance with sample collection and recruitment for the study.
